The Lateral Tunnel Fontan  by van Doorn, Carin A. & de Leval, Marc R.
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fhe Fontan circulation is the definitive surgical palliation
for single-ventricle circulations. Originally described for
he treatment of absent right atrioventricular connection, the
echnique has now been extended to many complex cardiac
bnormalities with only one well-developed ventricle.
In the structurally normal heart, the systemic and pulmo-
ary circulations are in series, each supported by a dedicated
entricle. However, in patients born with a functionally sin-
le ventricle the systemic and pulmonary circulations are in
arallel, with mixing of circulations within the heart. To
chieve the Fontan circulation, the systemic and pulmonary
lood flow is separated and placed in series, with the single
entricle connected to the systemic circulation. For this to be
ossible, many patients will need preliminary procedures to
alance the systemic and pulmonary circulations and pro-
ide the anatomical setup for the Fontan operation.
The initial selection criteria for the Fontan circulation de-
cribed by Fontan and colleagues were strict and known as
he “ten commandments.” The criteria have been relaxed
ver time, but low pulmonary arteriolar resistance remains
andatory (Table 1). Assessment of the pulmonary vascular
ed can be difficult, especially in the presence of accessory
ources of pulmonary blood flow (such as aorta-pulmonary
ollaterals or systemic-to-pulmonary artery shunts) or very
ow pulmonary blood flow. The size of the pulmonary arterial
ed is also important, and this has been expressed as the
cGoon ratio1 or the Nakata index.2 However, these indices
ave to be used with caution, because they do not take into
ccount the compliance of the pulmonary vascular bed and
ny distortion of pulmonary arteries related to previous
hunts. The importance of preservation of ventricular func-
ion has been recognized, and in particular, severe or long-
tanding volume or pressure overload before the Fontan cir-
ulation should be avoided. It must also be remembered that
nappropriate or poorly performed preliminary procedures
an result in loss of candidacy for the Fontan operation.
The surgical techniques for the Fontan operation continue
o evolve. The original atriopulmonary connection has been
hown to result in atrial distension, which has been impli-
ated in the genesis of atrial arrhythmias and thromboem-
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oi:10.1053/j.optechstcvs.2006.05.001olic complications seen at long-term follow-up. It has also
een shown that in the Fontan circulation the atrium is inef-
cient as a pulmonary pump. The operation has since
volved to a total cavopulmonary connection (TCPC), in
hich the superior vena cava is connected directly to the
ulmonary artery and the inferior vena caval blood is baffled
o the pulmonary artery via either an intracardiac or an ex-
racardiac channel. It has also been recognized that results
an be improved by staging the Fontan initially with the
uperior cavopulmonary anastomosis. Also, a small fenestra-
ion in the inferior cavopulmonary baffle may help maintain
ardiac output at the time of impaired pulmonary flow, but at
he expense of some systemic desaturation.
Various surgical techniques for the TCPC have been de-
cribed. For the superior cavopulmonary anastomosis we,
nd many other institutions, prefer the bidirectional Glenn
hunt. This involves anastomosis of the transected superior
ena cava to the upper margin of the right pulmonary artery,
hus providing blood flow to both lungs. For completion of
he TCPC, the lateral tunnel technique, whereby an intra-
trial baffle is created to direct the inferior vena caval blood to
he pulmonary artery, remains the procedure of choice in
any centers. The lateral tunnel has potential for growth, but
as the disadvantage that there are multiple atrial suture lines
nd part of the atrium continues to be exposed to high ve-
ous pressure. Recently, the extracardiac Fontan has gained
opularity for completion of the TCPC. This involves inser-
ion of an extracardiac interposition graft between the
ransected inferior vena cava (IVC) and the pulmonary artery
nd is especially useful in patients with a small atrium who
ay be at risk of systemic or pulmonary venous obstruction.
n addition, the procedure may be performed without aortic
ross-clamping, and in selected patients also without the use
f cardiopulmonary bypass. The lack of growth of the pros-
hetic conduit remains a concern. In situations whereby the
VC is remote from the pulmonary artery, the shorter intra-
ardiac baffle may be preferable.
The hemi-Fontan operation is an alternative form of supe-
ior cavopulmonary anastomosis that has gained particular
nterest in the Norwood strategy for palliation of hypoplastic
eft heart syndrome. Briefly, the central pulmonary arteries
re opened anteriorly and anastomosed to a counter-incision
long the base of the right atrial appendage extending into the
uperior vena cava (SVC). Patch augmentation is used to
nlarge the newly created cavopulmonary confluence and a
urther patch to close off the SVC/right atrial junction. At the
ime of completion of the TCPC the latter patch is removed
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106 C.A. van Doorn and M.R. de Levalnd a lateral tunnel is created. This modification of the bidi-
ectional cavopulmonary anastomosis differs from the bidi-
ectional Glenn in that it requires cross-clamping of the aorta
o place the intracardiac patch. Furthermore, the intraatrial
uture lines may contribute to arrhythmias.
urgical Procedure for the
ateral Tunnel Fontan
e used to perform the lateral tunnel TCPC as a single-stage
peration consisting of a bidirectional Glenn shunt and in-
raatrial inferior cavopulmonary baffle. The operation is de-
cribed in detail below. More recently we have moved to a
taged TCPC, with initially a bidirectional Glenn shunt, fol-
owed at a later date by completion of the TCPC with an
xtracardiac conduit. Other institutions, however, prefer
able 1 Selection Criteria for the Fontan Operation
Original 10 Commandments
1 Minimum age 4 years
2 Sinus rhythm
3 Normal caval drainage
4 Right atrium of normal volume
5 Mean pulmonary artery pressure <15 mm Hg
6 Pulmonary alveolar resistance <4 U/m2
7 Pulmonary artery to aorta diameter ratio >0.75
8 Normal ventricular function (ejection fraction >0.6)
9 Competent left atrioventricular valve
0 No impairing effects of previous shunts
atients who do fulfill some, but not all, criteria are regarded as m
atrioventricular valve repair or pulmonary artery repair can impro
initial cavopulmonary shunt.ompletion of the Fontan with an intraatrial baffle. For an rxample of the surgical technique for the staged lateral tunnel
ontan, we have used the description by Jonas.3
We routinely fenestrate the intraatrial baffle. If additional
rocedures are required to optimize Fontan candidacy, such
s relief of pulmonary artery stenosis, resection of subaortic
tenosis, or repair of atrioventricular valve regurgitation, we
im to perform these before surgery for completion of the
CPC.
ingle-Stage
ateral Tunnel Fontan With
ore-Tex Intraatrial Baffle
he procedure is performed via median sternotomy, on car-
iopulmonary bypass with moderate hypothermia, eg, 28 to
0°C. The technique described is for a patient with single
Revised Criteria
Minimum age <4 years. Lowest and optimal age for
performing Fontan operation unknown
Sinus rhythm desired
Normal caval drainage desired
Small size atrium contraindication for lateral tunnel Fontan
Mean pulmonary artery pressure <15 mm Hg
Pulmonary alveolar resistance <4 U/m2
Adequate size of pulmonary vascular bed. Use of McGoon
and Nakata index may be helpful
Preserved ventricular systolic and diastolic function
Competent atrioventricular valve
No impairing effects of previous shunts
- to high-risk Fontan candidates. Surgical procedures such as left
tan suitability. The selection criteria are less tight for performing anedium
ve Fonight SVC.
Lateral tunnel Fontan 107Operative Technique
Figure 1 The right lobe of the thymus is subtotally removed to facilitate exposure and dissection of the innominate vein
and SVC. The pericardium is opened in the midline. The SVC is fully mobilized, taking care not to injure the phrenic
nerve. The azygos vein is also dissected and may be temporarily occluded during the anastomosis of the SVC to the
pulmonary artery. The main pulmonary artery and its bifurcation, and the left and right branches, are mobilized. The
ligamentum arteriosum is doubly ligated and divided. If present, any patent systemic to pulmonary artery shunts are
dissected free from the surrounding tissues. Marking sutures are placed on the SVC and right pulmonary artery to
facilitate proper alignment of the future anastomosis.
The ascending aorta is cannulated. The cavae are cannulated with a small right-angled cannula near the innominate
vein, and a larger cannula inferiorly at the cavo-atrial junction. A tourniquet is placed around the IVC, but not yet
tightened. Cardiopulmonary bypass is initiated and the patient cooled to 30°C, and the heart is kept beating. Any patent
shunts should now be controlled. Further dissection is completed if necessary. IVC inferior vena cava; RPA right
pulmonary artery; SVC  superior vena cava; v  vein.
108 C.A. van Doorn and M.R. de LevalFigure 2 The SVC is occluded with a vascular clamp just proximal to the cannula. If there is azygos continuity, the clamp
is placed proximal to the azygos connection. A further vascular clamp is placed immediately above the cavo-atrial
junction, taking care not to injure the sinus node. The SVC is transected immediately above this clamp. SA sinoatrial;
SVC  superior vena cava.
Lateral tunnel Fontan 109Figure 3 A large side-biting clamp is placed over the upper margin of the right pulmonary artery, which is incised. If a
shunt is present on this site, it is disconnected and any distortion or narrowing is repaired using patch angioplasty.
110 C.A. van Doorn and M.R. de LevalFigure 4 An end-to-side anastomosis is then performed between the SVC and right pulmonary artery using a running
6-0 or 7-0 polypropylene. To avoid a purse-string effect and maintain a wide anastomosis, the suture line is locked in
several places. In the case of bilateral SVCs, it is necessary to do bilateral cavopulmonary shunts, unless a large bridging
vein is present, or one of the cavae is very small, in which case the cardiac end of this SVC can be closed. We would not
routinely cannulate bilateral SVCs because of the risk of causing stenosis of the small SVCs. During the construction of
the cavopulmonary anastomosis the clamp on the cephaloid end of the SVC can be intermittently released if there is
concern about venous hypertension. SVC  superior vena cava.
Lateral tunnel Fontan 111Figure 5 The aorta is cross-clamped and diastolic cardiac arrest is achieved using cold blood cardioplegia. The main
pulmonary artery is transected. To prevent bleeding or aneurysm formation, the proximal pulmonary artery stump is
closed using a double row of running 5-0 polypropylene suture that incorporates the valve leaflets and is reinforced
with two Teflon felt strips. The distal main pulmonary is closed with a autologous pericardial or Gore-Tex patch so as
not to narrow or distort the branch pulmonary arteries. MPA  main pulmonary artery.
112 C.A. van Doorn and M.R. de LevalFigure 6 The tourniquet around the IVC is snared down. The vascular clamp on the SVC–atrial junction is released. The
right atrium is opened parallel to the crest of the septum. If necessary, the intraatrial communication is enlarged to allow
unobstructed pulmonary venous flow to the systemic ventricle. The length of the baffle is measured between the
Eustachian valve and crista terminalis. ASD atrial septal defect; CT crista terminalis; EV Eustachian valve; IVC
 inferior vena cava; RA  right atrium; SVC  superior vena cava.
Lateral tunnel Fontan 113Figure 7 The intraatrial pathway is a composite tunnel made of the atrial sinus venarum and a Gore-Tex patch (A). A
Gore-Tex tube of at least 16mmdiameter is cut to length, split longitudinally, and shaped (B). If required, a 4- to 5-mm
fenestration is cut (C). CT  crista terminalis; EV  Eustachian valve.
114 C.A. van Doorn and M.R. de LevalFigure 8 The prosthetic baffle is sewn in around the upper half of the junction of the IVC with the right atrium, along
the posterior wall of the atrial septum (taking care not to injure the sinus node) (A), and the crista terminalis (the
prominent ridge in front of the SVC), and finally the anterior wall of the atrium (B). The coronary sinus remains outside
the baffle. The atrial incision is closed with a running 5-0 polypropylene suture. ASD  atrial septal defect; IVC 
inferior vena cava; SVC  superior vena cava.
Lateral tunnel Fontan 115Figure 9 The undersurface of the right pulmonary artery is incised so that an unobstructed anastomosis can be created
between the intraatrial tunnel and the pulmonary artery. It may be necessary to enlarge the anastomosis with a patch
plasty (inset) but care has to be taken not to compromise the sinus node or its artery. To optimize Fontan hemody-
namics, the anastomosis of the inferior vena cava can be offset from the superior cavopulmonary anastomosis to direct
blood preferentially into the right pulmonary artery, but this is not always possible because of the anatomical setup. The
SVC stump is then anastomosed to the undersurface of the right pulmonary artery using 5-0 polypropylene. It is a
mistake to simply anastomose the SVC stump to the transected pulmonary artery, as this distorts the pulmonary artery,
which has to be brought out right and anteriorly.
A needle vent is placed in the ascending aorta. The heart is carefully deaired, and it is particularly important to
evacuate air from the right atrium, which is now part of the systemic circulation. The aortic cross-clamp is released and
the patient is fully rewarmed. RPA  right pulmonary artery; SVC  superior vena cava.
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116 C.A. van Doorn and M.R. de Levalf a cavopulmonary shunt only is performed, the first part of
he operation is modified as follows.
● The azygos vein needs to be ligated to prevent postop-
erative runoff from the high-pressure SVC to the lower
pressure IVC territory. Obviously, if there is interrup-
tion of the IVC with azygos continuation, the azygos
vein must be kept patent.
● Following transection of the SVC, the cavo-atrial junc-
tion is oversewn with a running 5-0 or 6-0 polypro-
pylene suture and the vascular clamp released.
Figure 10 A direct pressure monitoring line is placed in
measured via a percutaneous line in the internal jugular
on the heart. The patient is weaned from cardiopulmon
chest is closed. RA  right atrium; RV  right ventricle● Accessory restricted forward flow over the pulmonary iartery or from a small aortopulmonary shunt may be left
intact.
ore-Tex Intraatrial Baffle For
ompletion Of TCPC Following
revious Cavopulmonary Shunt
he description of this operation is based on the technique pub-
ished by Jonas.3 The procedure is performed via redo-median
ternotomy and on cardiopulmonary bypass. The heart, includ-
lmonary venous atrium (pulmonary artery pressure is
Two atrial and two ventricular pacing wires are placed
pass. Mediastinal and pleural drains are placed and thethe pu
vein).
ary byng the cavopulmonary anastomosis, is dissected out.
Lateral tunnel Fontan 117Figure 11 Limited dissection is done of the SVC, taking care not to injure the phrenic nerve. The ascending aorta is
cannulated; a small right-angled cannula is placed high up in the SVC or the innominate vein, and a further venous
cannula is placed at the inferior cavo-atrial junction. On cardiopulmonary bypass with moderate hypothermia, the
aorta is cross-clamped and cardioplegia is infused via the aortic root. A vascular clamp is placed across the SVC and the
tourniquet around the IVC is snared. Ao aorta; IVC inferior vena cava; MPAmain pulmonary artery; RA right
atrium; RV  right ventricle; SA  sinoatrial; SVC  superior vena cava.
118 C.A. van Doorn and M.R. de LevalFigure 12 The right atrial free wall is opened parallel to the atrioventricular groove, and the superior end of the incision
veers anterior to the sinus node. A longitudinal incision is made on the inferior surface of the right pulmonary artery.
The superior end of the atrial incision is sutured to the posterior edge of the right pulmonary artery incision using
continuous 5-0 polypropylene (inset). PTFE  polytetrafluoroethylene; RA  right atrium; RPA  right pulmonary
artery; SVC  superior vena cava.
Lateral tunnel Fontan 119Figure 12 Continued
120 C.A. van Doorn and M.R. de LevalFigure 13 A Gore-Tex baffle is cut to size, fenestrated, and sutured into the right atrium so as to direct IVC blood flow
to the right pulmonary artery.
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Lateral tunnel Fontan 121ostoperative Care
aval and systemic atrial pressures are monitored postoper-
tively and a modest and temporary increase in transpulmo-
ary gradient is often seen within the first 24 hours. A per-
istently elevated transpulmonary gradient may be a sign of a
ailing Fontan circulation and is often associated with low
ardiac output and progressive acidosis. In this case, early
nvestigation of the Fontan pathways should be performed. A
radient of 1 to 2 mmHg over a cavopulmonary anastomosis
Figure 14 Finally, to complete the pulmonary venous atri
obliquely over the anterior surface of the Gore-Tex bafflay indicate a significant stenosis and the anastomosis may have to be redone. If it is not possible to break the hemody-
amic downward circle of the failing Fontan circulation, then
he only chance for survival may be early return to theater
nd take down of the Fontan circuit.
Early extubation is generally beneficial, because the nega-
ive intrathoracic pressure in the spontaneously breathing
atient facilitates blood flow through the pulmonary vascular
ed. The Fontan patient is particularly sensitive to loss of
inus rhythm and also has impaired ability to increase the
e free edge of the original right atrial free wall is sutured
 atrial septal defect.eart rate. Therefore, dysrhythmias should be treated aggres-
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122 C.A. van Doorn and M.R. de Levalively, including the use of atrioventricular sequential pacing.
e routinely anticoagulate our patients once postoperative
lood loss is minimal, usually commencing on the first post-
perative day. Initially heparin is used (aiming at a prothrom-
in time of twice baseline), and once the patient is taking oral
edication this is converted to warfarin for a period of 6
eeks (aiming at an International Normalized Ratio of
round 2). Care has to be taken to prescribe low-dose warfa-
in in the early postoperative period, because over-anticoag-
lation occurs easily, probably related to impaired hepatic
unction. Chest drains stay in at least for 2 to 3 days because
f the high incidence of pleural effusions. If there are ongoing
rain losses, the Fontan hemodynamics should be carefully
valuated and any pathway obstruction corrected.
A significant proportion of fenestrations will close sponta-
eously. For those that remain patent, the indications and
ptimal timing for closure are not known.
esults
he current operative mortality for the intracardiac tunnel
ontan is around 5%.4,5 However, patients with single-ven-
ricle circulation and heterotaxy syndrome continue to have a
uch higher mortality because of multiple associated cardiac
nd noncardiac abnormalities.
It is well known that the Fontan state is associated with anngoing late attrition. Long-term survival has improved withecent modifications of the Fontan operation, and for the
ateral tunnel 93 and 91% survival has been reported at 5 and
0 years,4 respectively. In the same series, freedom from new
upraventricular tachyarrhythmias was 96% at 5 years and
1% at 10 years, respectively, and for new bradyarrhythmias
his was 88 and 79%. Other common complications include
evelopment of collateral circulation, thromboembolism,
rotein-losing enteropathy, surgical pathway problems, and
entricular failure. Chronic elevation of the systemic venous
ressures is likely to play an important role in these prob-
ems.Management of the failing Fontan is a difficult problem,
nd if ventricular dysfunction is the main reason, the patient
hould be assessed for cardiac transplantation.
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